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were calculated from two 24-h dietary recalls. BMI, waist 
and hip circumference and body fat were measured for 
body composition. Cross-sectional regression analyses 
were adjusted for sex, age, socio-economic status, city 
and breakfast skipping. Differences in sub-regions within 
Europe were explored.
Results RTEC consumers showed a more favourable 
daily micronutrient intake (vitamin B2, B5, B7, D, cal-
cium, phosphorus and potassium), a better diet quality 
index, more frequent fruit (57 vs. 51 %) and milk/yoghurt 
Abstract 
Purpose This study aims to analyse the association of 
European adolescents’ ready-to-eat-cereal (RTEC) con-
sumption frequency with their dietary intake by applying 
the concept of diet quality index and nutritional status.
Methods From the multi-centre European HELENA 
study, relevant data were available in 1,215 adolescents 
(12.5–17.5 years). RTEC consumption was identified from 
a food frequency questionnaire. A diet quality index, daily 
nutrient intakes and daily milk/yoghurt and fruit intake 
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consumption (81.2 vs. 56 %) and less breakfast skipping 
(25.1 vs. 36.7 %). No differences in energy and macronu-
trient intake were observed. Daily RTEC consumers were 
57 % less likely to be overweight than RTEC non-consum-
ers but did not differ in glucose and lipid status (N = 387).
Conclusion This is the first comprehensive pan-European 
survey elucidating socio-demographic determinants of 
European adolescents’ RTEC consumption and indicating 
better dietary habits in RTEC consumers. The improved 
dietary profile was reflected in a more beneficial body 
composition. Our results have also shown the advantage of 
using an all-integrating diet quality index by capturing the 
diet complexity.
Keywords Adolescents · Ready-to-eat-cereals ·  
Diet quality index · Overweight · Glucose homoeostasis · 
Blood lipids
Introduction
Ready-to-eat-cereals (RTEC) can be defined as a cereal 
food that is processed to the point where it can be eaten 
without further preparation (although milk is usually 
added). RTEC become increasingly popular because of the 
convenience, the long shelf-life and the attractive variety in 
choice. They have been commercialised as healthy due to 
its fibre content and some varieties made with whole grain, 
as well as the stimulation of milk consumption. Moreover, 
most RTEC are fortified with a range of micronutrients 
including B vitamins and iron [1, 2].
Consequently, several studies already quoted the ben-
eficial daily nutrient intake of RTEC consumers [3–10]: 
less fat, more fibre, vitamins and minerals but sometimes 
also higher sugars intake. To the authors’ knowledge, no 
previous studies have used a whole day diet quality index 
(DQI) in children/adolescents, although such an index is 
more capable to capture the diet complexity in a single 
value and to predict health outcomes [11].
If RTEC consumers have healthier dietary intakes, 
RTEC consumption may be related to broader health 
parameters such as biomarker status and body composi-
tion. Indeed, two recent meta-analyses showed that RTEC 
are associated with lower obesity figures in children and 
adolescents [12, 13]. It should be noted that these studies 
mainly focused on the body mass index (BMI) and less 
on the explicit body fat percentage or on central adipos-
ity. Some studies in adolescents tried to find associations 
with serum lipid levels, although with variable success: 
they found no association [8], only lower total cholesterol 
[6, 14] or lower low-density lipoprotein cholesterol levels 
[3]. Seldom, RTEC consumption has also been associated 
with other biomarkers such as lower glucose levels [8].
This study aims to analyse the association of RTEC 
intake with dietary intake and nutritional status in adoles-
cents, independently of breakfast consumption or skipping. 
Correction herein for breakfast skipping is important since 
RTEC are often eaten at breakfast and since breakfast skip-
ping has been associated with poor diet, elevated lipids, dis-
turbed glucose homoeostasis and enhanced risk for obesity 
[12, 15–18]. Our research questions were (a) what are the 
socio-demographic determinants of RTEC consumption in 
European adolescents; (b) do occasional, frequent and daily 
RTEC consuming adolescents have different dietary habits 
(e.g. nutrients intake, fruit and milk/yogurt consumption 
and overall dietary quality) compared with non-consumers; 
(c) do RTEC consumers have different nutritional status 
concerning body composition, glucose metabolism and 
blood lipids than non-consumers. Where possible, regional 
differences in the pan-European survey were described. For 
this purpose, data of the “Healthy Lifestyle in Europe by 
Nutrition in Adolescence” (HELENA) study were used. 
HELENA is the first large-scale multi-centric European 
survey with harmonised methodology to provide data about 
attitudes towards nutrition and the main determinants and 
consequences of food choice among European adolescents.
Methods
Population
The HELENA cross-sectional study is a population-based, 
multi-centre investigation of the nutritional and lifestyle 
status of adolescents, carried out in ten European cit-
ies (Vienna in Austria, Ghent in Belgium, Lille in France, 
Dortmund in Germany, Athens and Heraklion in Greece, 
Pecs in Hungary, Rome in Italy, Zaragoza in Spain and 
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Stockholm in Sweden). Data were collected from Octo-
ber 2006 to December 2007. A detailed description of the 
HELENA study design and sampling procedure has been 
published elsewhere [19, 20]. The study was approved by 
the ethical committees and performed following the ethical 
guidelines of the Declaration of Helsinki. All study partici-
pants and their parents provided a signed informed consent 
form.
The total HELENA population consisted of 3,528 eligi-
ble adolescents (52.3 % females) aged 12.5–17.5 years. For 
the current analyses, adolescents were included if data were 
available for two non-consecutive 24-h dietary recalls and 
the food frequency questionnaire (FFQ), resulting in 1,215 
eligible subjects. Since for Heraklion, Pecs and Rome no 
full set of dietary data were available (i.e. two 24-h die-
tary recalls and a FFQ), subjects from these cities were 
excluded from the present study. In the HELENA popu-
lation, non-participants did not differ in sex or age. For 
this paper, age and BMI did not differ between excluded 
and included cases, while less boys and more adolescents 
from high socio-economic status (SES) were included 
(p = 0.002 and p = 0.010, respectively). Data on glucose 
and lipid homoeostasis were only available in a subpopula-
tion (N = 387); they did not differ in sex, BMI and SES 
but had a higher age (p < 0.001; mean 14.5 vs. 14.2 years) 
compared with the other eligible subjects.
Socio-demographic determinants
Collected demographic data included information on sex, 
age, city and SES by means of a standardised self-reported 
questionnaire. SES was examined by parental education 
and by the Family Affluence Scale (FAS). Education level 
of mother and father was reported as “lower education”, 
“higher secondary education” and “university education”. 
A modified version of the FAS developed by Currie et al. 
[21] was used as a proxy of SES status; the scale is based 
on the concept of material conditions in the family. For 
the purposes of the HELENA study, the FAS was slightly 
modified by replacing the item on frequency of family 
holidays by Internet availability at home. The adolescents 
completed a questionnaire asking about the number of cars 
(0–3 depending on amount) and computers at home (0–3 
depending on amount), having access to Internet at home 
(0 no, 1 yes), and whether the adolescent had his or her 
own room (0 no, 1 yes). Adolescents were scored from 0 
(very low SES) to 8 (very high SES). For some analyses, 
countries were organised in geographical regions, as agreed 
on in the HELENA study: Greece, Italy and Spain repre-
sented the “Southern” region (Mediterranean); (2) Sweden 
and Belgium represented the “Northern” regions and (3) 
France, Germany and Austria represented the “West/cen-
tral” region.
Diet
FFQ to assess RTEC consumption and breakfast skipping
The FFQ [22] consisted of 15 items of which participants 
had to indicate the frequency of eating by ticking one of the 
following seven responses: (1) never; (2) rarely, less than 
once a week; (3) once a week; (4) 2–4 times a week; (5) 
5–6 times a week; (6) once a day/every day; and (7) more 
than once a day/every day. The cereal item (such as corn-
flakes, muesli and chocolatey cereals) was used to repre-
sent RTEC intake. Adolescents were classified as RTEC 
consumer when they reported RTEC consumption once a 
week or more (=answer possibilities 3 up to 7). To further 
analyse RTEC consumption frequency, a categorical vari-
able with four RTEC categories was created: non-consumer 
(never or less than once a week), occasional consumer 
(once a week), frequent consumer (2–4 times a week) and 
daily consumer (5–6 times a week, once a day or every 
day). The 24-h dietary recall data are more precise than 
food frequency data due to information on quantification 
and meal occasion. Nevertheless, 24-h recall data have not 
been used for RTEC consumption categorisation since they 
are only a snapshot of two random days.
Breakfast skipping was self-reported using the following 
question out of the food choice questionnaire (FCQ) [23]: 
“I often skip breakfast” with seven answer categories rang-
ing from “strongly disagree” to “strongly agree”. This vari-
able was further dichotomised by categorising adolescents 
as breakfast skipper if they answered “moderately agree” or 
“strongly agree”.
24‑h dietary recall to assess dietary intake
Dietary intake was assessed by two non-consecutive 24-h 
recalls. The 24-h recalls were collected by use of a com-
puter-based self-administered tool, the HELENA-Dietary 
Intake Assessment Tool. This assessment tool is based 
on six meal occasions (breakfast, morning snacks, lunch, 
afternoon snacks, evening meal, evening snacks) referring 
to the previous day. Adolescents selected autonomously 
all the consumed foods and beverages from a standardised 
food list [24, 25]. Items not available in the list could be 
added by the participant at any moment. Consumed foods 
were translated to nutrients by use of the German Food 
Code and Nutrient Data Base (Bundeslebensmittelschlüs-
sel, BLS, version II.3.1) [26]. Consequently, differences in 
fortification levels between countries were not taken into 
account. The Multiple Source Method was used to esti-
mate the usual dietary intake of nutrients and foods [27]. 
This statistical modelling technique takes into account 
within-person variability and calculates usual intakes cor-
rected for age, sex and study centre (city). Underreports 
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were excluded from the analyses [28]. Underreporting was 
defined when the individual ratio of energy intake divided 
by the estimated basic metabolic rate was lower than 0.96 
[29]. From the eligible participants, 294 underreporters 
were excluded, resulting in 1,250 subjects. Underreporters 
did not differ in sex or SES but had a higher BMI z-score 
(p < 0.001; mean 0.98 vs. 0.19) and were older (p = 0.001; 
mean 14.9 vs. 14.7 years).
Diet quality index
Diet quality was calculated from the 24-h dietary recall 
using the Diet Quality Index for Adolescents with Meal 
index (DQI-AM), which assessed the compliance with the 
Flemish food-based dietary guidelines (FBDG) [30]. The 
DQI-AM consists of four pillars based on the principles of 
a healthy diet as provided in the Flemish FBDG: dietary 
quality, dietary diversity, dietary equilibrium and a meal 
index. The dietary quality indicates whether an individ-
ual makes optimal food quality choices within each food 
group: a preference group (e.g. fresh fruit, fish), a modera-
tion group (e.g. white bread, minced meat) and a rest group 
(e.g. soft drinks, sweat snacks). Dietary diversity expresses 
the degree of variation in the diet and indicates whether a 
participant consumes at least one serving of food per day 
from each of the nine recommended food groups. Dietary 
equilibrium indicates to what extent the consumed portion 
sizes of the different food groups correspond with the rec-
ommended daily intakes. Finally, the meal index reflects the 
frequency of consumption of meals (which should include 
at least three main courses, as breakfast, lunch or dinner; 
higher index means more meals). The overall DQI-AM is 
the mean of the four pillars, with higher scores indicating 
higher diet quality. More detailed information on the tech-
nical aspects is provided elsewhere [31, 32].
Body composition
The protocol used to collect anthropometric data has been 
previously described [33]. Measurements were done while 
participants were barefoot and in underwear.
Weight was measured to the nearest 0.1 kg using elec-
tronic scales (Type SECA 861). Height was measured to 
the nearest 0.1 cm with the head aligned in the Frankfort 
plane using a telescopic height-measuring instrument (Type 
SECA 225). BMI was calculated as body weight in kilo-
grams divided by the square of height in metres. In addi-
tion, BMI was adjusted for age and sex to give a BMI 
z-score using the British Growth Reference Data from the 
Child Growth Foundation [34], and overweight was clas-
sified following the International Obesity Task Force [35].
The triceps and subscapular skinfold thickness and waist 
and hip circumferences were measured on the left side of 
the body. A Holtain calliper (Crymmych, UK) was used to 
measure skinfold thickness to the nearest 0.2 mm, and a 
non-elastic tape was used to measure circumference to the 
nearest 0.1 cm [33].
The waist–hip ratio was calculated as marker of cen-
tral adiposity. A puberty-adjusted body fat% was calcu-
lated from the two skinfolds using the Slaughter formulae 
as marker of overall adiposity [36]. Pubertal status (stages 
I–V) was assessed by a medical doctor according to the 
scale developed by Tanner and Whitehouse [37], based on 
breast development and pubic hair status in females and 
genital and pubic hair development in males.
Biomarkers for glucose and lipid profile
Blood samples were collected in a randomly selected sub-
set of the total HELENA study population by venipuncture 
at school between 8 and 10 A.M. after a 10-h overnight 
fast. Blood was collected in tubes for serum (blood lipid 
profile) and heparinised tubes for plasma (insulin), cen-
trifuged at 3,500 rpm, aliquoted and transported at 4–7 °C 
(for a maximum of 14 h) to the central laboratory in Bonn 
(Germany). Triglycerides (TG), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL), low-density 
lipoprotein cholesterol (LDL), very low-density lipopro-
tein cholesterol (VLDL), lipoprotein A (LpA) and glucose 
were measured using enzymatic methods (Dade Behring, 
Schwalbach, Germany) from fresh serum within 24 h of 
blood extraction. Heparin plasma was stored at −80 °C 
until assayed. Insulin concentrations were measured using 
an Immulite 2000 analyser (DPC Bierman GmbH, Bad 
Nauheim, Germany).
The following indices of lipid status were calculated: 
non-HDL/HDL, LDL/HDL, TC/HDL, LDL corrected for 
LpA, and TG/HDL. Insulin resistance was measured by 
calculating the homoeostasis model assessment (HOMA) 
index as follows: fasting insulin (μIU/mL) × fasting glu-
cose (mg/dL)/405 [38].
Statistics
Analyses were performed with PASW Statistical Program 
version 19.0 (SPSS Inc, IBM, IL, USA). Two-sided level 
of significance was set at p < 0.05. Non-normal data were 
transformed using the logarithmic or square root trans-
formation to perform analyses, but data were back-trans-
formed in the original units for representation. The regres-
sion analyses were all corrected for age, sex, SES, city and 
breakfast skipping. Estimated marginal means from the 
regression were used for the graphs. For significance levels 
between consecutive categories of RTEC consumption, the 
“repeated” contrasts were run with RTEC non-consumers 
as reference category. Socio-demographic differences (age, 
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sex, city and SES) between different RTEC consumption 
groups were examined by means of a logistic regression 
with RTEC consumption as outcome. All covariates were 
included simultaneously to test their independent influence.
Differences in overall daily nutrient intakes and DQI 
were examined between RTEC consumer categories by lin-
ear regression corrected for age, sex, city, SES and break-
fast skipping. Apart from energy, the following nutrients 
were studied: fat, protein, carbohydrates (also separate for 
glucose, fructose, galactose, sucrose, lactose, maltose and 
polysaccharides), fibre (also separately for water soluble 
and water insoluble fibres), minerals (calcium, iron, mag-
nesium, phosphorus, potassium, sodium and zinc) and vita-
mins A, B1 (thiamine), B2 (riboflavin), B3 (niacin), B5 
(pantothenic acid), B6 (pyridoxine), B7(biotin), B9 (folic 
acid), B12 (cobalamin), C, D, E, K.
The daily prevalence of milk/yoghurt and fruit intake 
in the different RTEC consumer categories was examined 
using χ2 statistics. The daily quantity of milk/yoghurt and 
fruit intake was examined with linear regression, excluding 
those that did not consume milk/yoghurt or fruit. Logistic 
regression was used to detect differences in fulfilling the 
daily intake recommendation for milk and fruit, based on 
the age- and sex-specific recommendations for European 
adolescents [39].
Linear regression was used to test the association of 
RTEC consumption with body composition (BMI, body 
fat%, waist circumference and waist–hip ratio). The lin-
ear regressions with glucose homoeostasis (insulin, glu-
cose and HOMA-index) and blood lipid (TC, LDL, HDL, 
VLDL, non-HDL/HDL, LDL/HDL, TC/HDL, LDL cor-
rected for LpA cholesterol, TG or TG/HDL) as outcome 
were additionally adjusted for BMI z-scores and physical 
activity. A logistic regression was run to determine RTEC 
consumption difference in their risk for overweight.
Results
Descriptive data
In total, 1,215 adolescents (44 % boys, 12.5–17.5 years old) 
with valid FFQ and two-day 24-h recall data were included 
in the analyses. Based on the FFQ, 29 % was classified as 
breakfast skipper and 65 % was classified as RTEC con-
sumer (defined as RTEC intake once a week or more).
RTEC consumers were younger than RTEC non-con-
sumers (14.7 vs. 15 years, p = 0.01). An equal number of 
boys and girls was RTEC consumers, but boys were more 
often daily consumers (36 %) than girls (29 %) (p = 0.031). 
RTEC consumption (especially frequent consumption) was 
more frequent in adolescents from the lowest FAS fami-
lies (p = 0.002). No differences were seen depending on 
parental education. Although the prevalence of RTEC con-
sumption was different between study centres (Athens in 
Greece 76 %, Dortmund in Germany 64 %, Ghent in Bel-
gium 63 %, Lille in France 69 %, Stockholm in Sweden 
63 %, Vienna in Austria 58 %, Zaragoza in Spain 67 %), 
no significant differences were seen after correction for 
sex, age and FAS (p = 0.549). Breakfast skipping was less 
prevalent in RTEC consumers (25.1 vs. 36.7 % in RTEC 
non-consumers, p < 0.001) and was lowest in the Northern 
region (16 vs. 35 and 31 %).
For descriptive purposes, macronutrient and micro-
nutrient intake were compared with the recommended 
intakes by the FAO/WHO [40, 41]. In our total population 
(N = 1,215), the adolescents had a mean fat intake of 33 
percentage of energy intake (E%), a mean carbohydrate 
intake of 50 E% and a mean protein intake of 16 E%. Only 
8 % of the adolescents had a higher carbohydrate intake 
than recommended (>60 E%), but 63 % of the adolescents 
had a high fat intake (>35 E%), especially in the South-
ern region. For fibre, 34.3 % had a low intake (<20 g/day), 
especially in the Southern region. For most vitamins and 
minerals, the recommended intake was achieved. This was 
not the case for vitamin D since none of the adolescents 
reached the recommended 5,000 ng/day. For calcium, only 
10.8 % reached the recommended intake (1,300 mg/day), 
especially in the Western/central region where only 5.4 % 
reached this recommendation. For iron, 51.2 % reached the 
sex- and age-specific recommended intake (67.9 % of the 
boys and 38 % of the girls, without regional differences).
Dietary intake differences
The DQI and its four separate subscales over the two 24-h 
recalls were compared between RTEC consumers and 
RTEC non-consumers (Fig. 1). The total DQI score gave 
the same significances as the quality subscale. On diet 
quality, equilibrium and meal index, RTEC non-consumers 
scored lower than the frequent and daily RTEC consumers. 
On diet diversity, RTEC non-consumers scored lower than 
the frequent RTEC consumers and there was a trend for 
lower diversity in daily versus frequent RTEC consumers.
Whole day nutrient intake was compared between RTEC 
consumption groups in Table 1. The mean 24-h intake for 
total energy, fat (and the separate saturated and unsatu-
rated fats), carbohydrates (and the separate mono-, di- 
and polysaccharides), protein and fibre (and the separate 
water soluble and insoluble fibres) was not significantly 
different between RTEC non-consumers and the different 
RTEC consumer groups, also not when comparing E%. 
Nevertheless, RTEC consumers had a different micronu-
trient intake profile. As the frequency of RTEC consump-
tion increased, a higher intake of calcium (p = 0.032), 
phosphorus (p = 0.005), potassium (p = 0.007), vitamin 
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B2 (p < 0.001), B5 (p = 0.005), B7 (p < 0.001) and D 
(p = 0.006) was observed.
Table 2 shows the percentage consumers and quantity 
of milk/yoghurt and fruit consumption in different RTEC 
consumption groups. RTEC consumers had a more fre-
quent intake of milk/yoghurt and fruit (p < 0.001). A sec-
ond analysis focused on the quantity of milk/yoghurt and 
fruit intake in those that consumed these items. The RTEC 
consumer groups did not differ in the quantity of fruit 
intake. RTEC consumers had a higher quantity (200 ml/day 
more) of milk/yoghurt intake over the whole day than non-
consumers (p < 0.001). Same results were seen for the rec-
ommendation fulfilment of the daily milk and fruit intake 
when using logistic regression: no difference in fulfilment 
for fruit intake (p = 0.705) between the consumer groups, 
but daily RTEC consumers had 2.65 times more chance 
to fulfil the daily milk intake recommendation than RTEC 
non-consumers (p < 0.001; not significant if compared with 
occasional and frequent consumers).
Body composition
Daily RTEC consumers showed a better body composi-
tion than RTEC non-consumers, i.e. they had lower BMI 
z-scores (0.37 vs. 0.59), body fat% (23 vs. 25 %) and waist 
circumference (70.8 vs. 72.3 cm) (Fig. 2). Daily RTEC 
Fig. 1  Differences in diet quality index (DQI) subscales between 
ready-to-eat-cereals (RTEC) consumption groups (N = 425, 190, 209 
or 391, respectively). Estimated marginal means and standard errors 
after correction for age, sex, city, socio-economic status and breakfast 
skipping are given. p values are retrieved by post hoc analysis on the 
linear regression: comparing all groups with the RTEC non-consum-
ers and with the adjacent group. *significant at p < 0.05
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Table 1  Differences in daily macro- and micronutrients intake between ready-to-eat-cereals (RTEC) consumption groups
Estimated marginal means after correction for age, sex, city, socio-economic status and breakfast skipping are given




sumer (N = 190)
Frequent RTEC consumer 
(N = 209)
Daily RTEC consumer 
(N = 391)
p
Energy (kcal) 2,347 2,419 2,359 2,378 0.553
Fat (g) 87 92 88 88 0.308
 Simple unsaturated 33.3 35.8 33.5 33.6 0.108
 Multiple unsatu-
rated
12.8 13.1 13.1 12.7 0.824
 Saturated 37.6 40.6 38.6 38.7 0.129
 Cholesterol 0.36 0.38 0.36 0.36 0.150
Protein (g) 91 93 91 93 0.724
Carbohydrates (g) 283 287 285 288 0.839
 Monosaccharides 54.1 55.2 56.3 50.9 0.730
 Disaccharides 89.5 95.6 90.5 93.5 0.108
 Polysaccharides 147 149 148 151 0.125
Fibre (g) 18.5 18.7 18.6 19.3 0.394
Calcium (mg) 584 677 610 711 0.032*
Iron (µg) 12,797 13,056 12,797 12,797 0.052
Magnesium (mg) 306 317 311 325 0.862
Phosphorus (mg) 1,333 1,384 1,376 1,436 0.005*
Potassium (mg) 2,607 2,705 2,722 2,819 0.007*
Sodium (mg) 2,018 2,061 2,126 2,094 0.256
Zinc (µg) 11,897 12,271 11,896 12,136 0.472
Vit A (µg) 993 1,048 1,032 1,016 0.406
Vit B1 (µg) 1,234 1,259 1,239 1,246 0.893
Vit B2 (µg) 1,477 1,577 1,580 1,667 <0.001*
Vit B3 (µg) 14,765 15,169 14,765 14,676 0.742
Vit B5 (µg) 4,699 4,920 4,905 5,070 0.005*
Vit B6 (µg) 1,661 1,694 1,701 1,701 0.719
Vit B7 (µg) 40 43 43 44 <0.001*
Vit B9 (µg) 198 207 204 206 0.331
Vit B12 (ng) 5,523 5,697 5,795 5,657 0.474
Vit C (mg) 84 87 89 90 0.486
Vit D (ng) 1,833 2,036 2,048 2,027 0.006*
Vit E (µg) 9,730 10,067 10,037 9,799 0.532
Vit K (µg) 223 227 232 225 0.683
Table 2  Milk/yoghurt and fruit consumption in ready-to-eat-cereals (RTEC) consumption groups
a




sumers (N = 190)
Frequent RTEC con-
sumer (N = 209)




 Milk or yoghurt 56.0 % 61.6 % 69.1 % 81.2 % <0.001
 Fruit 50.9 % 52.4 % 59.1 % 56.8 % 0.017
Quantity of intakeb
 Milk or yoghurt 
(ml)
321 431 429 552 <0.001
 Fruit (g) 244 270 272 255 0.150
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consumers also had a lower waist circumference (70.8 vs. 
72.3 cm) and waist–hip ratio (0.78 vs. 0.79) than frequent 
RTEC consumers. Other comparisons (e.g. non-RTEC 
consumers vs. occasional RTEC consumers) were not sig-
nificant. Based on logistic regression, frequent and daily 
consumers had a lower risk for overweight than RTEC non-
consumers (40 and 57 % less likely, respectively) (Fig. 3).
Glucose and lipid homoeostasis
Following published cut-offs [42, 43], 3 % had a high TG 
level, 4 % had a high LDL, 7 % a low HDL level, 9 % were 
pre-diabetic, none of the adolescents were diabetic. No dif-
ferences in glucose and lipid status existed between RTEC 
consumers and the different RTEC non-consumption cate-
gories (see Table 3 for results of the main parameters). Glu-
cose homoeostasis was weakly associated with DQI [44], 
but lipid homoeostasis was not (results not published).
Discussion
Our main aim was to analyse the association of RTEC 
consumption with dietary intake and nutritional status, for 
the first time in a multi-centric European study with har-
monised methodology. RTEC consumption was associated 
with a higher consumption frequency of fruit and milk, a 
more beneficial daily micronutrient intake, a healthier DQI 
and less breakfast skipping. These results indicate better 
Fig. 2  Anthropometric differences depending on ready-to-eat-cereals 
(RTEC) consumption. Estimated marginal means and standard errors 
after correction for age, sex, city, SES and breakfast skipping are 
given, comparing all groups with the RTEC non-consumers and with 
the adjacent group. *significant at p < 0.05
Fig. 3  Overweight percentage depending on ready-to-eat-cereals 
(RTEC) consumption. Means and standard deviations after correction 
for age, sex, city, SES and breakfast skipping are given. *significant 
at p < 0.05
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dietary habits in RTEC consumers. This finding was some-
what reflected in an improved body composition but not in 
a better glucose and lipid status. Moreover, we described 
socio-demographic determinants of RTEC consumption. 
Although regional differences were found in nutrient intake 
and breakfast skipping, with less frequent breakfast skip-
ping in the northern region, no regional differences existed 
in the prevalence of RTEC consumption.
Dietary intake
The higher DQI in RTEC consumers reflects a more bal-
anced, diverse diet and overall healthier food choice. A 
study in US adults also found a healthier DQI in RTEC 
consumers [45], but studies in children/adolescents did not 
consider the overall diet quality with a DQI and mainly 
focused on nutrient composition. The DQI has the advan-
tage of capturing the human diet’s complexity in a sin-
gle value and consequently shows stronger correlations 
with health outcomes than individual nutrients or foods 
[11]. This better diet quality did not translate in a differ-
ent macronutrient composition of the daily diet in our study 
(e.g. no difference in sugar content), but rather in a health-
ier micronutrient composition with higher intakes of cal-
cium, phosphorus, potassium, vitamins B2, B5, B7 and D. 
As stated in the introduction, several studies already quoted 
the beneficial daily nutrient intake when consuming RTEC 
[3–10]. Although the reports regarding both, macronutrient 
intake and specific micronutrients, vary widely across stud-
ies, all studies consistently found a higher intake of cal-
cium due to higher milk/dairy consumption in RTEC con-
sumers. The other differences in micronutrient intake may 
be explained by the healthier DQI that reflects the overall 
diet and hence the intake of other nutritious food items. 
The higher vitamin D and calcium intake in RTEC consum-
ers is important since the intake of these two micronutri-
ents in our adolescents was below the international recom-
mendations [46]. Nevertheless, the detected differences 
between the consumption groups are likely not big enough 
to realistically expect differences in health outcome meas-
ures. Also, this higher vitamin D intake is probably due to 
an overall healthier dietary intake and not due to the forti-
fication of RTEC since there was no vitamin D fortification 
in the food composition database RTEC items.
RTEC could also contribute to a healthy diet via the 
accompanying food. Literature has shown higher milk/
yoghurt intake in RTEC consumers but mixed results con-
cerning fruit intake [6, 10]. Our study found a higher milk/
yoghurt consumption frequency and quantity in RTEC con-
sumers over the day; daily RTEC consumers even had 2.65 
times more chance to fulfil the daily milk intake recom-
mendation [39]. RTEC consumers also had a higher fruit 
intake frequency, but when they consumed fruit, they con-
sumed the same absolute amount as RTEC non-consum-
ers. Consequently, RTEC consumers have a more routine 
habit of fruit consumption, independently of the portion 
size. These differences in milk/yoghurt and fruit consump-
tion between RTEC consumers and non-consumers could 
again be indicative for a general healthier dietary routine in 
RTEC consumers.
Nutritional status
The higher DQI in RTEC consumers may contribute to a 
healthier body composition and serum biomarker status. 
Underlying hypotheses are the better energy regulation, the 
higher intake of healthy food items, the higher fibre intake, 
the lower fat intake, less breakfast skipping and more physi-
cal activity in RTEC consumers [12, 13, 47, 48]. In our study, 
the higher intake of healthy food items and a better diet qual-
ity were shown. Additionally, daily RTEC consumers were 
more physically active than non-consumers or occasional 
consumers (results not shown). Indeed, daily or frequent 
RTEC consumers had a better body composition than RTEC 
non-consumers (lower central and total fatness), but did not 
differ in glucose and lipid profile. As stated above, no differ-
ences in fat and fibre intake were observed between the RTEC 
consumption groups and this might be among others one 
Table 3  Glucose- and lipid-metabolism parameters in ready-to-eat-cereal (RTEC) consumption groups
Estimated marginal means after correction for age, sex, city, socio-economic status, breakfast skipping, BMI and physical activity are given
HOMA homoeostasis model assessment, HDL high-density lipoprotein, LDL low-density lipoprotein, VLDL very low-density lipoprotein
HOMA Glucose (mg/dL) Insulin (µl U/mL) HDL (mg/dL) LDL (mg/dL) VLDL (mg/dL) Triglyceride (mg/dL)
p value 0.782 0.070 0.546 0.117 0.395 0.174 0.173
RTEC non-consumer 1.90 90.66 8.49 56.53 97.18 12.65 63.24
Occasional RTEC  
consumer
1.92 88.17 9.21 59.55 93.77 12.64 63.18
Frequent RTEC  
consumer
1.82 90.97 8.31 55.58 96.90 12.55 62.80
Daily RTEC consumer 1.79 89.55 8.16 55.83 91.95 11.35 56.71
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explanation for the lack of association with these biomarkers. 
In this context, it should also be considered that no differen-
tiation was made between different RTEC types (e.g. in fibre 
and monosaccharide composition and glycaemic index) and 
in the exact amount consumed. Apart from the dietary influ-
ences, these blood levels have a multi-factorial aetiology [47, 
49], which was not fully analysed in this study.
Strengths and limitations
In contrast to existing studies, data were derived from a 
multi-centre European sample of adolescents. The exten-
sive standardised information on diet (including detailed 
information of, e.g. carbohydrate subtypes), anthropometry 
and blood biomarkers makes it a valuable source for public 
health. RTEC analyses were corrected for breakfast skipping 
to examine the effect of RTEC consumption independently 
of breakfast skipping. Special focus was on diet with not 
only extensive information on daily nutrient composition, 
but also by using an all-integrating DQI and by focusing on 
milk and fruit intake (both prevalence and quantity). Besides, 
RTEC intake was linked with adolescents’ body composition 
(BMI, waist and fat%) and glucose and lipid status.
Nevertheless, several limitations exist. First of all, the 
cross-sectional nature of the data makes causal and uni-
directional statements impossible. After all, RTEC intake 
is only one of the many foods and lifestyle factors that 
influence health. Secondly, no distinction could be made 
between different RTEC types due to lack of detail in the 
dietary recall. Consequently, no separation was possible 
in whole grain versus refined RTEC or on nutrient density 
(e.g. fat and sugars content), although a wide variety exists 
[1]. This might thwart the result interpretation since the dif-
ferent types could have different effects on nutrient intake, 
body composition and blood parameters [13]. Nevertheless, 
a recent report showed that adolescents’ diet and weight 
did not vary by RTEC sugars content [50]. Thirdly, dietary 
information by our 24-h recall data is very detailed (e.g. 
information on quantity) but still has the disadvantage of 
being a snapshot of two random days. Finally, the hypoth-
eses on glucose and lipid profile have less power to detect 
significant results. After all, the analyses were based on a 
smaller sample size (N = 387) because of the invasiveness 
of blood withdrawal and there is probably only a small con-
centration variation in our relatively healthy non-clinical 
population sample. Also here, we have the limitation that 
type and amount of RTEC was not known.
Conclusion
Although regional differences were found in nutrient intake 
and breakfast skipping, no regional differences existed in 
the prevalence of RTEC consumption after adjustment for 
relevant factors. For the first time in a multi-centre Euro-
pean adolescent sample, RTEC consumption has been 
associated with better dietary habits: a healthier daily diet 
quality, a more beneficial micronutrients intake (but no dif-
ference in macronutrients), a higher consumption frequency 
of milk and fruit and less breakfast skipping. As a result, 
the convenience of RTEC might help in the prevention of 
breakfast skipping. This better diet was well aligned with 
a more desirable body composition, but not with improved 
glucose and lipid statuses. Still, more research is needed on 
the potential health impact of different RTEC types using 
a longitudinal or interventional study design. In doing this, 
the current study results emphasise the importance of using 
a diet quality index in addition to measuring solely macro- 
and micro-nutrient intake.
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